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COMPUTER-IMPLEMENTED TECHNIQUES 
AND SYSTEM FOR CHARACTERIZING 
GEOMETRC PARAMETERS OF AN EDGE 

BREAKIN A MACHINED PART 

RELATED APPLICATION 

The present invention is related to U.S. patent application 
Ser. No. 1 1/274,578, titled “Optical Edge Break Gage', 
assigned in common to the same assignee of the present 
invention, filed concurrently herewith and incorporated 
herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention is generally related to measurement 
techniques in connection with the manufacturing of 
machined parts, and, more particularly, to a computer-imple 
mented method, system, and computer program code for 
characterizing one or more geometric parameters of an edge 
break in a part. 

BACKGROUND OF THE INVENTION 

When parts, such as turbine airfoils, compressor fans, 
blade roots, etc., undergo manufacturing operations (e.g., 
machining), the edges formed in Such parts may be relatively 
sharp. A sharp edge break or discontinuity may result in a 
section of thin material that may wear out quickly and crack 
when Subjected to thermal and/or mechanical stress. Thus, it 
is desirable that the edge breaks on Such parts be appropri 
ately configured or shaped to achieve Suitable mechanical 
properties. The accurate measurement and characterization 
of Such edge breaks are presently time consuming and diffi 
cult to achieve. 
Known measurement techniques for characterizing edge 

breaks in parts often require hand benching with concomitant 
planned and/or unplanned operations. For example, the 
planned operations may aim to finish corners or bends and 
generate drawing features while the unplanned operations 
may include rework and repair of nicks, dents and Scratches 
that may be incurred during the handling of the part. Since 
Such hand benching is manually performed, undesirable 
variation in the characterization of the edge breaks may be 
introduced due to differences in the training and/or skill level 
of the operator. Providing a high-level of training to the opera 
tors is costly and may not provide a fully satisfactory solution. 
For example, it has been observed that even two well-trained 
operators may obtain different results when evaluating the 
same edge break. Thus, it is desirable to provide automated 
techniques for quantitatively characterizing edge breaks not 
subject to the shortcomings noted above. It is further desir 
able to consistently achieve a relatively high degree of repeat 
ability and accuracy for appropriately characterizing any 
applicable parameters for a given edge break. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages of the invention will be more 
apparent from the following description in view of the draw 
ings that are made up of the following figures: 

FIG. 1 illustrates an exemplary part including a slot with an 
edge break, Such as a chamfer with rounded corners. 

FIG. 2 illustrates a plurality of imaging fringe patterns 
corresponding to the edge break shown in FIG. 1. 

FIG. 3 illustrates exemplary three-dimensional (3-D) 
imaging data as may be computationally extracted from the 
fringe patterns shown in FIG. 2. 
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2 
FIG. 4 illustrates a line indicative of an exemplary profile 

of the edge break shown in FIG. 1. 
FIG. 5 is a flow chart depicting exemplary steps of a pro 

cess embodying aspects of the present invention. 
FIG. 6 shows exemplary parameters as may be used for 

characterizing an exemplary round edge. 
FIG. 7 shows an exemplary sliding window for selecting a 

number of data points to be processed in accordance with 
aspects of the present invention. 
FIG.8 shows an exemplary slope curve and a slope differ 

ence curve as may be used for characterizing an edge break. 
FIG. 9 shows a graphical report illustrating exemplary 

minimum circles for characterizing an edge break and includ 
ing an exemplary comparison between nominal radii values 
and radii values calculated in accordance with aspects of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates an exemplary part 10, such as a blade root 
for a turbine blade, including a slot 12 that includes an edge 
break 14, such as a chamfer with rounded corners. Part fea 
tures and/or geometric discontinuities that could give rise to 
edge sharpness. Such as may be encountered in a chamfer, 
bevel, fillet and other part features will be referred to in the 
context of this description as an edge break. 

FIG. 2 illustrates an image 16, e.g., made up of a plurality 
of imaging fringe patterns, corresponding to edge break 14, as 
may be obtained with an optical edge break sensor. For read 
ers desirous of background information regarding an innova 
tive hand-held optical edge break sensor developed by the 
same assignee of the present invention reference is made to 
U.S. patent application Ser. No. 1 1/274,578. 

FIG. 4 illustrates a line 18 indicative of an exemplary 
profile of the edge break 14. In one exemplary embodiment 
line 18 represents a mathematical fit, such as along a cutting 
line 4-4 in the 3-D imaging data 20 (FIG.3). Line 18 is made 
up of imaging points as may be computationally extracted 
from the imaging fringe patterns 16 obtained with the optical 
edge break sensor. Exemplary processing techniques for 
extracting the imaging data may include phase shifting, tri 
angulation, and other optical processing techniques as will be 
understood by those skilled in the art. 
The inventors of the present invention have recognized an 

innovative computer-implemented technique for quantita 
tively characterizing, essentially in automated fashion, one or 
more geometric parameters of an edge break in a part. A flow 
chart depicting exemplary steps of a process embodying 
aspects of the present invention is illustrated in FIG. 5. 

Representative nomenclature for an exemplary bevel-type 
edge 50 is illustrated in FIG. 6. For example, bevel 50 
includes two edges 52 and 54, two breakpoints 56 and 58, and 
one intermediate region 60. In general, edges 52 and 54 may 
comprise lineal (or non-lineal) segments on each side leading 
into a respective edge break (e.g., a rounded corner). A break 
point may be defined as the last point on an edge before the 
edge starts to exhibit a curved turn. The intermediate region is 
generally located between the two break points. 

Possible exemplary methodology for characterizing this 
type of edge may include: 

1. Determining the flatness of edges 52 and 54 within a 
specified tolerance. 

2. Locating the intermediate region 60 within a specified 
tolerance Zone. 

3. Determining that no concavities are present in the inter 
mediate region. 
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4. Determining respective radii that meet a specified mini 
mum value for each curved turn. 

In general, the flatness of the edges may be determined by 
calculating a linearity parameter over a number of edge 
points, e.g., a least square fit of a number of edge points fitted 
to a straight line. Accordingly, as further described below, an 
appropriate selection of the number of points to include is a 
consideration. 

Returning to FIG. 4, subsequent to a start step 30, step 32 
allows setting a window size for processing a selectable num 
ber of imaging data points corresponding to an initial segment 
of an edge. Step 34 allows sliding the window for processing 
respective imaging data points corresponding to Successive 
segments of the edge, wherein at least one of the segments 
includes an edge break. In one exemplary embodiment, it has 
been empirically found that using approximately /3 of the 
points between a break point and the corresponding endpoint 
provides a sufficient size for the sliding window. It will be 
understood that the size of the sliding box is not limited to any 
specific size. 

Step 36 allows generating a line formed by a plurality of 
interconnected lines based on a line fit for each Successive 
segment of the edge. The line plot seen in FIG. 6 is one 
example of such a generated line. Step 38 allows calculating 
a slope difference along the interconnected lines for each 
Successive segment of the edge. The graph in FIG. 8 shows 
respective plots of calculated slopes and slope differences 
along the various segments of an exemplary edge. 

Step 40 allows identifying a first edge break point based on 
a change in the magnitude of the calculated slope difference. 
The first edge break point is indicative of a first curved turn in 
the edge break. Point 56 in FIG. 6 is an example of a first edge 
break point and point 58 in the same figure is an example of a 
second edge break point. It will be appreciated that the break 
point locations may be used for determining compliance with 
the tolerance Zone. 

Prior to return step 44, step 42 allows calculating a radius of 
curvature for characterizing the first curved turn. For 
example, radius R* 1 in FIG. 9 represents such a radius. As 
noted above, the calculated radius should meet a specified 
minimum value for each curved segment. Similar calculation 
may be performed for characterizing a second curved turn, if 
any, which may be part of the edge break. 

FIG. 7 illustrates an edge break comprising a single 
rounded bend 70 that may be characterized by a respective 
radius. FIG. 7 further illustrates a slidable window 72 that 
may slide from a start point 74, along a first edge 76 towards 
a first edge break point 78, along curved turn 70 and from a 
second edge break point 80 and along a second edge 82 
towards an end point 84. It will be appreciated that one could 
start processing edge points from either end of the line. 

In operation, by sliding the window along the modeled 
contour of the edge, a series of lines can be fitted using the 
number of points encompassed by the set window size. In 
accordance with basic mathematical principles, an approxi 
mated curvature map for the edge contour can be obtained by 
calculating the slope difference between any two adjacent 
lines. 

FIG. 8 illustrates respective graphs of slope 90 calculations 
and slope difference 92 calculations for an exemplary edge. 
As seen on the graph for the slope difference, there are at least 
two locations 96 where there is a sign change in the slope 
derivative, i.e., an indication that the edge starts to curve. It 
can be shown that the local minimum values 97 and 99 on the 
contour can each be considered to be a respective position that 
corresponds to a respective minimum radius. Using straight 
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4 
forward mathematical concepts regarding the first derivative 
(slope) and the second derivative (slope difference) of a curve 
one can state the following: 
1. Data along the horizontal axis in FIG. 8 corresponds to 

position of travel along the fitted lines for the various 
interconnected segments that make up the edge. Thus, cal 
culation of the slope difference along the interconnected 
segments allows estimating a curvature map for the profile 
of the edge. 

2. The flat edge segments essentially correspond to regions 
where the absolute value of the slope difference is Zero. 
That is, the slope value is constant. 

3. A break point is considered to be a transition point where 
the absolute value of the slope difference just starts to 
become non-zero. That is, the slope magnitude changes 
from a constant value to a varying condition. 

4. Each minimum radius circle should be located to corre 
spond with a respective minimum curvature (k) value. 
As noted above, by using an algorithm embodying aspects 

of the present invention, one can accurately and consistently 
determine any applicable parameters for characterizing an 
edge break, Such as fitted edge lines, break points and mini 
mum circles. An exemplary report 100 is shown in FIG.9 for 
graphically illustrating respective minimum circles for char 
acterizing an edge break. The report includes an exemplary 
quantitative comparison between nominal radii values (R1 
and R2) and radii values (R*1 and R*2) calculated in accor 
dance with aspects of the present invention. It should be 
appreciated that the values for the calculated minimum radii 
using aspects of the present invention are substantially close 
to the values of the nominal radii. 

It is contemplated that in operation aspects of the present 
can provide the following exemplary advantages: 

1. Automation. The edge break evaluation process can be 
performed with minimal manual interaction from the opera 
tOr. 

2. High efficiency: The edge break determination can be 
executed in a few seconds just by clicking a single button or 
icon in a suitable user interface. 

3. Intuitive report: The evaluation report of the edge may be 
provided not just with alphanumeric information but also may 
be displayed in an intuitive and user-friendly graphical user 
interface. 

4. High Gage Repeatability and Reproducibility (GR&R): 
The edge brake evaluation is no longer operator-dependent. 
Consequently, a process embodying aspects of the present 
invention has very high repeatability and reproducibility. 

5. User-friendly process. The edge break evaluation pro 
cess can be standardized and can be adaptable to a manufac 
turing floor environment in a cost-effective manner. 

It will be appreciated that aspects of the present invention 
can also be embodied as computer readable code on a com 
puter readable medium. The computer readable medium may 
be any data storage device that can store data, which thereaf 
ter can be read by a computer system. Examples of computer 
readable medium include read-only memory, random-access 
memory, CD-ROMs, DVDs, magnetic tape, optical data stor 
age devices. The computer readable medium can also be 
distributed over network coupled computer systems so that 
the computer readable code is stored and executed in a dis 
tributed fashion. 

Based on the foregoing specification, aspects of the present 
invention may be implemented using computer programming 
or engineering techniques including computer Software, firm 
ware, hardware or any combination or Subset thereof. Any 
Such resulting program, having computer-readable code 
means, may be embodied or provided within one or more 
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computer-readable media, thereby making a computer pro 
gram product, i.e., an article of manufacture, according to the 
invention. The computer readable media may be, for 
example, a fixed (hard) drive, diskette, optical disk, magnetic 
tape, semiconductor memory Such as read-only memory 
(ROM), etc., or any transmitting/receiving medium Such as 
the Internet or other communication network or link. The 
article of manufacture containing the computer code may be 
made and/or used by executing the code directly from one 
medium, by copying the code from one medium to another 
medium, or by transmitting the code over a network. 
An apparatus for making, using or selling the invention 

may be one or more processing systems including, but not 
limited to, a central processing unit (CPU), memory, storage 
devices, communication links and devices, servers, I/O 
devices, or any Sub-components of one or more processing 
systems, including Software, firmware, hardware or any com 
bination or subset thereof, which embody the invention as set 
forth in the claims. 

User input may be received from the keyboard, mouse, pen, 
Voice, touchscreen, or any other means by which a human can 
input data to a computer, including through other programs 
Such as application programs. 
One skilled in the art of computer science will easily be 

able to combine the software created as described with appro 
priate general purpose or special purpose computer hardware 
to create a computer system or computer Sub-system 
embodying aspects of the present invention. 

While specific embodiments of the present invention have 
been shown and described herein, it will be understood that 
Such embodiments are provided by way of example only. 
Numerous variations, changes and substitutions will occur to 
those of skill in the art without departing from the invention 
herein. Accordingly, it is intended that the invention be lim 
ited only by the spirit and scope of the appended claims. 
We claim as our invention: 
1. A computer-implemented method for quantitatively 

characterizing one or more geometric parameters of an edge 
break in a part, said method comprising: 

setting a window size for processing a selectable number of 
imaging data points corresponding to an initial segment 
of an edge in the part; 

sliding the window for processing respective imaging data 
points corresponding to Successive segments of the 
edge, at least one of said segments comprising an edge 
break in the part; 

generating a line formed by a plurality of interconnected 
lines based on a line fit for each Successive segment of 
the edge; 

calculating a slope difference along the interconnected 
lines for each Successive segment of the edge; 

identifying a first edge break point based on a change in a 
magnitude of the calculated slope difference, said first 
edge break point indicative of a first curved bend in the 
edge break; and 

calculating a radius of curvature for characterizing said 
first curved bend. 

2. The computer-implemented method of claim 1 further 
comprising identifying a second edge break point based on 
another change in the magnitude of the calculated slope dif 
ference, said second edge break point indicative of a second 
curved bend in said edge break. 

3. The computer-implemented method of claim 2 further 
comprising calculating a radius of curvature for characteriz 
ing said second curved bend. 

4. The computer-implemented method of claim 3 further 
comprising displaying through a user interface panel alpha 
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6 
numeric information regarding the radius of curvature that 
characterizes the first curved bend, and the radius of curvature 
that characterizes the second curved bend, if any, for the edge 
break. 

5. The computer-implemented method of claim 3 further 
comprising displaying through a user interface panel graphi 
cal information regarding the radius of curvature that charac 
terizes the first curved bend, and the radius of curvature that 
characterizes the second curved bend, if any, for the edge 
break. 

6. The computer-implemented method of claim 1 wherein 
said edge break is selected from the group consisting of a 
chamfer, a bevel, a rounded edge, and any combination 
thereof. 

7. An article of manufacture comprising a computer pro 
gram product comprising a computer-usable medium having 
a computer-readable code therein for quantitatively charac 
terizing one or more geometric parameters of an edge break in 
a part, the computer-readable code comprising: 

computer-readable code responsive to an adjustable win 
dow size for processing a selectable number of imaging 
data points corresponding to an initial segment of an 
edge in the part; 

computer-readable code for sliding the window to process 
respective imaging data points corresponding to succes 
sive segments of the edge, at least one of said segments 
comprising an edge break in the part; 

computer-readable code for generating a line formed by a 
plurality of interconnected lines based on a line fit for 
each Successive segment of the edge; 

computer-readable code for calculating a slope difference 
along the interconnected lines for each Successive seg 
ment of the edge; 

computer-readable code for identifying a first edge break 
point based on a change in a magnitude of the calculated 
slope difference, said first edge break point indicative of 
a first curved bend in said edge break; and 

computer-readable code for calculating a radius of curva 
ture for characterizing said first curved bend. 

8. The article of manufacture of claim 7 further comprising 
computer-readable code for identifying a second edge break 
point based on another change in the magnitude of the calcu 
lated slope difference, said second edge breakpoint indicative 
of a second curved bend in said edge break. 

9. The article of manufacture of claim 8 further comprising 
computer-readable code for calculating a radius of curvature 
for characterizing said second curved bend. 

10. The article of manufacture of claim 9 further compris 
ing computer-readable code for displaying through a user 
interface panel alphanumeric information regarding the 
radius of curvature that characterizes the first curved bend, 
and the radius of curvature that characterizes the second 
curved bend, if any, for the edge break. 

11. The article of manufacture of claim 9 further compris 
ing computer-readable code for displaying through a user 
interface panel graphical information regarding the radius of 
curvature that characterizes the first curved bend, and the 
radius of curvature that characterizes the second curved bend, 
if any, for the edge break. 

12. The article of manufacture of claim 7 wherein said edge 
break is selected from the group consisting of a chamfer, a 
bevel, a rounded edge, and any combination thereof. 

13. A system for quantitatively characterizing one or more 
geometric parameters of an edge break in a part, the com 
puter-readable code comprising, comprising: 
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a user-interface for setting a window size for processing a 
Selectable number of imaging data points corresponding 
to an initial segment of an edge in the part; 

a processor for sliding the window for processing respec 
tive imaging data points corresponding to Successive 
segments of the edge, at least one of said segments 
comprising an edge break in the part; 

a processor for generating a line formed by a plurality of 
interconnected lines based on a line fit for each Succes 
sive segment of the edge; 

a processor for calculating a slope difference along the 
interconnected lines for each Successive segment of the 
edge; 

a processor for identifying a first edge breakpoint based on 
a change in a magnitude of the calculated slope differ 
ence, said first edge break point indicative of a first 
curved bend in the edge break; and 

a processor for calculating a radius of curvature for char 
acterizing said first curved bend. 

14. The system of claim 13 wherein a single processor unit 
constitutes said processors. 

15. The system of claim 13 further comprising a processor 
for identifying a second edge break point based on another 
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change in the magnitude of the calculated slope difference, 
said second edge break point indicative of a second curved 
bend in said edge break. 

16. The system of claim 15 further comprising a processor 
for calculating a radius of curvature for characterizing said 
second curved bend. 

17. The system of claim 16 further comprising a user dis 
play for displaying through a user interface panel alphanu 
meric information regarding the radius of curvature that char 
acterizes the first curved bend, and the radius of curvature that 
characterizes the second curved bend, if any, for the edge 
break. 

18. The system of claim 17 further comprising a user dis 
play for displaying through a user interface panel graphical 
information regarding the radius of curvature that character 
izes the first curved bend, and the radius of curvature that 
characterizes the second curved bend, if any, for the edge 
break. 

19. The system of claim 13 wherein said edge break is 
selected from the group consisting of a chamfer, a bevel, a 
rounded edge, and any combination thereof. 

k k k k k 


